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APPENDIX A 
REFERENCE DATA 


A.1 INTRODUCTION 


This appendix contains reference material required in connection with the engineering 
of Microwave and Tropospheric Communication Systems. 


A.2 STATISTICS 


Appropriate definitions and formulas used in determining Binomial, Normal, and 
Poisson distributions are given in figure A-1. 


A.3 REFERENCE CURVES AND NOMOGRA PHS 


Reference curves and nomographs most commonly used in the engineering of 
Microwave and Tropospheric Systems are given in figures A-2 through A-18. 


A.4 EQUATIONS 
A compilation of common equations are shown in figure A-19. 
A.5 CONVERSION TABLES 


Conversion tables of various frequency, wavelength, and metric units are shown 
in figure A-20. 
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STATISTICS 


A. DEFINITIONS 
Arithmetic Mean — 


The arithmetic mean of a set of numbers is defined 


as follows: 
n 
x 
_Xi+X2+Xs.--+ Xe _ ist 
n n 


Weighted Arithmetic Mean — 


WX, + WoX. + WaX,...W,Xn 


X= W,+W,...W, 


Standard Deviation — 


The standard deviation of a set of numbers is 
defined as follows: 


Variance = ¢2 


Geometric Mean — 


The geometric mean of a set of N numbers, 
X,X_X;. X, is the nth root of the product. 


G= 14%. gee Xp 


Harmonic Mean — 


The harmonic mean of a set of numbers X,, Xo, 
X3,.-. X, is the reciprocal of the arithmetic mean of 
the reciprocal of the numbers: 


Figure A-1. 


Root Mean Square — 


The root mean square (RMS) of a set of numbers 
X,, X2... X is defined as follows: 


Median — 


The median is the middle value, or the arithmetic 
mean of the two middle values. 


Example 1: 
3, 4, 4, 5, 6, 8, 8, 8, 10 median = 6 


Example 2: 


5, 5, 7,9, 11, 12, 15, 18 median = 2 as 1 10 


Mode — 

The mode is the number which occurs with the 
greatest frequency and may not exist or there may 
be more than one value: 


Example 1: 


2, 2,5, 7,9, 9,9, 10, 10, 11, 12, 18; mode = 9 


Example 2: 


3, 5, 8, 10, 12, 15, 16; no mode 


B. BINOMIAL DISTRIBUTION 


If p is the probability that an event will happen 


in any single trial (called the probability of a success) 
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and q = 1 — p is the probability that it will fail to 
happen in any single trial (called the probability of 
a failure) then the probability that the event will 
happen exactly X times in N trials (i.e., X successes 
and N — X failures will occur) is given by 


N! 


P(X) = xCxpXqh* = STK PMA 


where X = 0, 1, 2,..., Nand N! = N(N-1) 
(N—-2)...1. 0! = 1 by definition. 


Example 1: The probability of getting exactly 2 
heads in 6 tosses of a fair coin is 


6! 
62(14)?2(14) = Sai (A)® = 1% 
with N = 6, X = 2,and p = q = If. 


Example 2: The probability of getting at least 4 
heads in 6 tosses of a fair coin is 


014) 414A) + Cs(AUA)& + 
+ gCe(1A)® = 1% 4 + Sa + Ms = M2 


Some properties of the binomial distribution are 
listed as follows: 


Mean p = Np 


Variance a? = Npq 


«= V Npq 


Standard deviation 


Moment coefficient of skewness a3 = a lel 
V Npq 


Moment coefficient of kurtosis a, = 3 + Nee 


C. THE NORMAL DISTRIBUTION 


One of the most important examples of a proba- 
bility distribution is the normal distribution, normal 


curve or Gaussian distribution defined by the equation 
Alaa 606 
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1 


Y = — 
oY 2x 


exp [—4(X—p)?/0?] 


where » = mean, ¢ = standard deviation, r = 
3.14159 ...,e = 2.71828... 

The total area bounded by the curve and the X axis 
is one; hence the area under the curve between two 
ordinates X = a and X = b, wherea < b, represents 
the probability that X lies between a and b, denoted 
by Pr{a < X <b}. 

When the variable X is expressed in terms of 
standard units, z = (X—y)/o, the so-called stand- 
ard form is expressed as 


Y= = exp (-14 2?) 
2n 


V 


In such case we say that z is normally distributed with 
mean zero and variance one. 

A graph of this standardized normal curve as 
shown in Figure 114 has indicated the areas included 
between z = — 1 and + 1,2 = — 2 and + 2, 
z = + 3and — 3 are equal respectively to 68.27%, 
95.45% and 99.73% of the total area. 


Example of Normal Distribution 


The mean weight of 500 students is 151 Ibs and 
¢ = 15; assume normal distribution, determine how 
many students weigh (a) between 120 and 155 Ibs 
and (b) more than 185 Ibs. 


— (1195-151) 
uuerese | mai 


_ (155.5 — 151) _ 
Z= 7} =. 


Area from — 2.10 to .30 = 0.600 


2.10 


30 


The number of students = 500 (0.600) = 300 


b. Students weighing more than 185 


= 185.5 — 151 
15 

Area between 0, and 2.30 = 0.4983 

= 0.5 — 0.4893 = 0.0107 

The number of students = 500 (0.0107) = 5, 


Zz = 2.30 


‘ 
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3 
~— 68.27% = 
pean OF AK, —Qo————t 
ee 973 ———— 


Cs ny, an 
fvanance SSC 
[stanoano peviarion [6 
TMoNENT COEFFICIENT oF Srewness| @y = 0 
[MOMENT COEFFICIENT oF KuRTOsIs | eta= 3 


MEAN DEVIATION 6 2/7 = 0.7979 


Some Properties of the Normal Distribution 


D. RELATION BETWEEN BINOMIAL AND Mean 
NORMAL DISTRIBUTIONS 


If N is large and if neither p nor q is too close to 
zero, the binomial distribution can be closely approxi- Standard deviation 
mated by a normal distribution with standardized 
variable given by 


>= X= Np 


VNpq | 
F. RELATION BETWEEN BINOMIAL AND 
E. THE POISSON DISTRIBUTION POISSON DISTRIBUTIONS 


The discrete probability distribution 


Variance 


Moment coefficient of skewness 


Moment coefficient of kurtosis 


In the binomial distribution, if N is large while the 
Xr probability p of occurrence of an event is close to zero 

p(X) = Xr (X = 0, 1,2,...) so that q = (1—p) is close to 1, the event is called a 

rare event, In practice we shall consider an event as 

where e = 2.71828 .. . and } is a given constant, is rare if the number of trials is at least 50 (N = 50) 
called the Poisson distribution. while Np is less than 5. In such cases the binomial 
Some properties of the Poisson distribution are distribution is very closely approximated by the 
listed in the following table. Poisson distribution with } = Np. AIAA607 
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Figure A-2. VSWR Nomograph #1 
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Figure A-3. VSWR Nomograph #2 
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Figure A-4. VSWR Nomograph #3 
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Figure A-5, 
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Figure A-7. Knife-Edge Diffraction Relation to Free Space 
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Diffraction Loss Relative to Free Space 
Transmission at all Locations Beyond 


Line-of-Sight Over a Smooth Sphere 


Figure A-8. 
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CONVERSION FACTORS 
NPR TO SNR®* IN 3.2 KHz CH 
(PER COIR LOADING) i 
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x —_ IN GENERAL: fal 
FIA WEIGHTED) = NPR. (FLAT) + X dB 
ee eo ee ee ee sealed 
a ee eee eee eee 
|__| “SNR =0dBmo TEST TONE SIGNAL—IN EQUIPMENT NOISE — Pi TT | 
——4 IN 3.2 KHz CHANNEL RATIO 
bese 
| | 
a 
| 
Pe eee a 
SS Rew eae Sees 
re eee rE TT 
a wes | 
te a 
°o ° ° Oo o 
° oO [oe] Oo oO 
AIAA 214 n= NUMBER OF CHANNELS ~ : eo eee 


Figure A-9. Conversion Factors, NPR to SNR 
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Tigure A-11. 
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Figure A-12. Noise in Picowatts Psophometrically Weighted #2 
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Figure A-13. Noise Figure (293°K) Versus Noise Temperature (CK) 
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Figure A-14. 
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Conversion of S + N/N (dB) to S/N (dB) 


Figure A-16, 
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Addition of Noise 


Figure A~17. 
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Figure A~18. Nomograph for Determining Surface 
Areas of Paraboloid Devices 
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Loading CCIR Standard 
L (mean) = — 1+ 4logN 


L (mean) = — 15 + 10logN 


Loading Military Standard 


L (mean) = — 5 + 10 logN 


S/N (thermal) = C/N + 10 log 


+ 20 log aE — L (peak) + 


+P+W+C 


S/N (intermodulation) = NPR + 10 log x 


x ® ~ NLR (Noise Loading Ratio) 


dBa = dBm + 85 F1A (1000 cycle reference) 
dBa = dBm + 82 flat weighted (one voice channel) 
dBa = dBm + 90 144 weighted 


Ba =dBm + 90 C message weighted (1000 cycle 
reference) 


dBa = — S/N + 82 FLA weighted, 144 weighted 
(1000 cycle reference) 


dBrm (C message) = — S/N + 88.5 (1000 cycle 
reference) 


FM Threshold = 10 Log KTB + Ng + 10 


Noise Threshold = 10 Log KTB + Ng 


Ne ~ 1 


System Noise Figure = Np, + + 


Ney — 1 N,, ~ 1 
GG, '''G,G,...G,q 


°R = °F + 459.67 


+ 


oF = 9/5 °C + 32 
K=5/9R 

log MN = log M + logN 
log M/N = logM — logN 


log Mp = PlogM 


Figure A-19. 
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S/N(dB) = Log [ toe ee Nal 2 7 


S+N a s 
N (a8) = Log [ tog: nd) + | 


Equivalent Noise Temperature = Antilog insertion 
loss X 290°K 
By = 3.4 (F,, + AF); empirical approx, 


By = Fy X S; 
D 


8/N (P) = 10 Log 2 - 


(when the signal power is 1 mw) 


Allowable noise (pwp) =o X 20,000 X 10712 


Log | 480+.6] _ 
og! | —T5— | = PRP 


pw = 1X 10-2 watts 
L (peak) = 20 Jog AF (peak) 
b 


AF (4 
é (rms) 


L (mean) = 20 Lo; AE, 


= 2.404 (Carrier goes through first null, 


AF 
Fm all transmitted power in sidebands) 


temperature 
°C = 5/9 (°F—32) 
°K = °C + 273,15 


Conversion from d8m to Volts 


E = Log? 287 x R x 10% 


Conversion from Volts to d8m 


2 
dBm = 10 Log R493 


Common Equations 
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